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Introduction
Numerous epidemiological studies, as well as meta-analyses, have shown that obesity is a strong and independent risk factor for several cancers, cardiovascular disease, and all-cause mortality (1-4). The association between Body Mass Index (BMI) and all-cause mortality is J-shaped (5) or Ushaped (5-7) with both obesity and underweight being associated with higher mortality. However, nearly all these reports used a single point-in-time measurement of BMI, and they may therefore not be useful in predicting the effect of weight change on future health events. Moreover, existing studies assessing the effect of weight change on mortality have primarily focused on young adult populations (8, 9) or the elderly (10, 11) . Few prospective cohort studies have reported the association between weight change and all-cause mortality in adult women in European countries.
It has been suggested, that the association between fat tissue and mortality is modified by the location of body fat (12, 13) : Waist Circumference (WC) (an anthropometric measure of abdominal fatness) appears to be more strongly associated with the risk of type 2 diabetes, cardiovascular disease and mortality than BMI (an anthropometric measure of general fatness) (13) . Thus, it is important to clarify the association between changes in these anthropometric measures over the lifecourse, and subsequent risk of mortality, in prospective cohort studies.
To this end, we investigated the association between absolute and relative changes in BMI and WC over a 12-year period, and subsequent all-cause mortality in adult, Swedish women.
Furthermore, we investigate the association with the main causes of death in the cohort: Cancer, cardiovascular disease, and other causes, as well as effect-modification by age, smoking, and baseline anthropometric measures.
Methods

Study population
The study cohort and data collection have been described in detail previously (14) . In brief, the source population comprised women aged 29-49 years, who resided in the Uppsala Health Care Region in Sweden between 1991 and 1992. A random sample of 96,000 women were asked to fill in a mailed baseline questionnaire, which included queries on anthropometric characteristics, diet, lifestyle and socioeconomic factors. In 2003, a follow-up questionnaire was sent to all women to update information on anthropometric characteristics as well as lifestyle changes. Of those invited, 49,259 (51%) returned the first questionnaire (1991) (1992) 
Outcome information
We estimated the association with total mortality, as well as cause-specific mortality from cancer, cardiovascular disease, and all other causes of death combined.
Information on date and cause of death was obtained by linking each participant to the Swedish Bureau of Statistics and Cause of Death Registry, using the individually unique national registration number. We used ICD-9 codes to classify cause of death for participants who died before 1997, and ICD-10 codes from 1997 and onwards. We included the following codes: Cancer (ICD-9: 140-208, ICD-10: C00-C98), and cardiovascular disease (ICD-9: 390-459, ICD-10: I00-I99). All other ICDcodes were classified as "Other cause of death".
Participants who emigrated were identified through the Emigration registry, and censored at date of emigration. Participants were followed from inclusion into the study, and until date of death, censoring because of loss to follow-up, or December 31 st , 2012, whichever occurred first.
Statistical analyses
We used Cox proportional hazards models to estimate the hazard ratio (HRs) and 95% confidence intervals (CIs) with age as time axis to ensure the best possible adjustment for confounding by age.
The HRs of ΔBMI and ΔWC were estimated treating the exposure categorically (quartiles), as there was major deviation from linearity for the association between both BMI and WC change, and mortality.
(16)
First, we calculated a crude model with adjustment for age (continuous) only (Model 1), and then a fully adjusted model which also included anthropometric baseline measure (BMI or WC), smoking status (categorical, never/former/current), educational level (categorical, ≤10 years/11-13 years/≥14 years), physical activity (categorical, very low/low/normal/high/very high), and alcohol consumption (gram/day, continuous), and for analyses on WC also height (continuous, cm) (Model 2).
We further performed stratified analyses by age category ( and were more likely to be former smokers. Age and alcohol consumption of participants were similar across quartiles. The same trends were observed across relative WC change categories. Table 2 shows the association between absolute and relative BMI and WC change and overall mortality. There was a statistically significant higher risk of death for the first compared to the second quartile of relative ΔBMI, with a multivariate HR of 1.28 (95% CI 1.04-1.56). For absolute ΔBMI there was a similar suggestion for the first quartile, which did, however, not reach statistical significance: HR 1.19 (0.94-1.49). Absolute and relative ΔWC was not associated with overall mortality (Table 2) .
When examining the association in relation to cause-specific mortality, the association with relative ΔBMI was statistically significantly for cancer mortality only: HR 1.30 (95% CI 1.02-1.66)
for the first vs. second quartile, in the multivariate analyses. Again, there was a similar, but nonsignificant, tendency for absolute ΔBMI: HR 1.20 (95% CI 0.90-1.59) in the multivariate analyses.
We investigated effect modification by smoking, baseline BMI, baseline WC, and age, and found no interaction between change categories and these variables (results not shown). When we further adjusted for total energy intake, the results were similar to those shown in Model 2 (results not shown).
Discussion
In this prospective study among Swedish women, we found a significantly higher risk of concurrent mortality among women in the first quartile of relative BMI change, compared to women in the second quartile of relative BMI change. Absolute BMI change showed a similar, but non-significant tendency, whereas WC change was not associated with concurrent mortality. When examining cause-specific mortality, the association with relative BMI change, was primarily driven by cancer mortality.
The strengths of the present study includes the population-based design, and the measurement of anthropometric features at both baseline and 12-year follow-up, which is the premise for investigating anthropometric change, as well as the collection of detailed information on potentially confounding variables. Furthermore, the study is based on a large number of incident deaths, and has a virtually complete follow-up of participants through the Swedish Bureau of Statistics and Swedish Cause of Death Registry (14), which is well-validated (15). Finally, a range of sensitivity analyses explores the statistical robustness of our findings.
The limitations of the present study include the fact that the exposure variables and covariates are self-reported, and therefore information bias cannot be ruled out. Furthermore, the participation rate in the original questionnaire was only 51 %, and it was most likely affected by healthy-participant bias. This bias may have been strengthened even further in the follow-up study, where the participation rate was approximately 70% of those returning the first questionnaire. However, one would expect that this should entail a smaller variation in anthropometric change over the study period. As no previous study has compared characteristics of participants and non-participants in the WLH cohort, we can thus only speculate how these groups differ, and how this may affect the results of the present study. Thus, we encourage, that the findings of this study are generalized with caution, as they may not be representative of the general adult women in Sweden.
Our study included no information on whether the participating women changed their weight as a result of bariatric surgery, which may affect the concurrent risk of death in a different matter than a natural weight change. However, we expect that few women in the cohort had surgically induced weight loss, as this procedure is mainly conducted in extremely obese subjects. The 90 th percentile for BMI in the present cohort was 30, whereas a Swedish bariatric surgery cohort had a BMI of 38 (-2) in women (16) . Furthermore, a surgical intervention would most likely produce such drastic weight loss, that these women would have been excluded from the study when excluding the women outside of the 1 st and 99 th percentile of weight change.
We included information on weight history at two time-points only, and calculated weight change between these. This is a simplistic approach to the lifetime effect of anthropometry on mortality.
For instance, factors such as weight cycling, duration of obesity over a life-course, maximum weight attained at any time, and obesity during childhood and early adulthood (17) (18) (19) have been suggested to affect concurrent mortality, and these may thus be potential confounders in the present study, on which we lack information. Furthermore, we also lacked information on whether weight change in the present cohort was intentional or unintentional. Unintentional weight loss and associated generally wasting plays a larger role among the elderly (20) (21) (22) (23) , and is of less relevance in a primarily healthy, mid-life adult population as the one in the present cohort. We should therefore expect that the bias produced by unintentional, illness-induced weight loss in the present study should affect the results in a relatively minor fashion. However, when conducting sensitivity analyses, in which we exclude the first 2 and 5 years of follow-up, in order to avoid a potential effect of pre-clinical disease, we do see a tendency towards a change in estimates; which become insignificant, when excluding the first five years of follow-up. This may be explained by decreased statistical power in the relatively smaller dataset. However, it could also suggest, that reverse causality plays a role in the results found in the present study.
A study of weight trajectories before death suggested that weight loss began already 9 years before death (23) . With a median follow-up time of 9 years in the present study, some women could thus display signs of weight loss associated with preclinical disease already at baseline, or between baseline and follow-up. However, the study also found that for cancer deaths specifically, weight loss accelerated over the last 3 years before death (23) . The majority of the deaths in the WLH cohort are cancer-related (67.6%), and cancer usually develops over a long period of time. Also, the study found that the period of weight loss before death increased with age (23) . Given that the WLH cohort is relatively young, we should thus expect the deflection point in weight trajectory to occur only a few years before death. We can, thus, neither confirm, nor refute, that the findings of the present study are driven by pre-clinical disease affecting weight change.
Previous studies on weight change and mortality in mid-life adults are few, as most studies have focused on the elderly. The association in this age-group is not directly comparable to that of younger adults (22, 24) , as weight generally decreases in the elderly (60+ years) and body fat is redistributed towards a higher proportion of abdominal, particularly visceral, fat (22) . Furthermore, a limited body of literature has focused on habitual weight gain over adult life, as does the present study. Most of the existing literature on weight and mortality centres on the effects of weight loss in overweight/obese individuals, which entails different metabolic effects, and thus a different association with concurrent mortality. Interestingly, however, these studies have generally found an increased long-term overall mortality among those losing weight (25) , which parallels the findings of the present study.
Given the limited statistical power, especially in the sub-group analyses of cause-specific mortality and in the sensitivity analyses in the present study, more studies in larger cohorts or with a longer follow-up time are required to investigate the association between weight change and concurrent mortality in more detail. Given the suggestion of potential reverse causality in the findings of the present study, this should be taken into account also when designing and modelling future studies in the field.
We found no association between WC and concurrent mortality, but only for BMI, where it was significant for relative BMI change, but suggested the same tendency for absolute BMI change.
BMI is usually considered a marker of general fatness, whereas WC is a marker of specific, abdominal fatness, which has been found more strongly associated with cardiovascular mortality (13) . Given the demographics of the present cohort, which is female and relatively young, the risk of cardiovascular death is generally relatively low, as also reflected in the small number of events during follow-up (104 in the relative BMI cohort, 79 in the relative WC cohort). Hence, changes in WC could be more relevant in cohorts with a higher risk of cardiovascular death.
Conclusion
In conclusion, the present study in a cohort of adult, Swedish women found a higher risk of death among women in the first quartile of relative BMI change over follow-up, compared to the second quartile. This was primarily driven by cancer mortality, but the results of sensitivity-analyses suggested that it could be a result of reverse causality. We found no association between changes in WC and concurrent mortality. Future studies in the field are warranted, and should carefully take potential reverse causality into account. They would also benefit from including more detailed information on anthropometric change, including whether it is intentional or unintentional, as well as a detailed lifetime history. Generalisations of the findings in the present cohort of relatively young women should be exceeded with extreme caution to other demographic groups. 
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